Objectives: To compare the efficacy and safety of certolizumab pegol (CZP) with and without loading dose (LD) in a post-hoc analysis of two Japanese clinical studies. Methods: Data from the double-blind trials (DBT) J-RAPID and HIKARI, and their open-label extension (OLE) studies, were used. Patients randomized to CZP 200 mg every 2 weeks (Q2W) groups starting with LD (400 mg Weeks 0/2/4; LD group; J-RAPID: n ¼ 82, HIKARI: n ¼ 116) and patients randomized to placebo groups who subsequently started CZP Q2W without LD in the OLEs (No-LD group; J-RAPID: n ¼ 61, HIKARI: n ¼ 99) were analyzed. Efficacy and pharmacokinetics were assessed during 24 weeks. Adverse events were reported from all studies. Results: In both trials, the LD groups showed more rapid initial ACR20/50/70 kinetics, and maintained higher ACR50/70 responses until 24 weeks, compared with the No-LD groups. Anti-CZP antibody development was less frequent in the LD groups (J-RAPID: 1.2% versus 4.9%; HIKARI: 17.2% versus 27.3%). Similar safety profiles were reported between LD and No-LD groups 282.6 versus 321.3 [HIKARI] [incidence rate/100 patientyears]). Conclusions: Despite limitations, including comparing DBT and OLE studies, these results suggest that a CZP LD improves clinical response in active rheumatoid arthritis without altering the safety profile.
Introduction
The treatment of rheumatoid arthritis (RA) has seen remarkable changes over the last decade with the advent of anti-tumor necrosis factor (anti-TNF) agents. More patients are now able to achieve clinical remission, including those having incomplete response to methotrexate (MTX), which is the mainstay of RA treatment. In addition, biologic therapies have been shown to be efficacious in the prevention of structural damage progression and functional deterioration, especially when used in combination with MTX.
Certolizumab pegol (CZP) is an Fc-free anti-TNF, which has demonstrated rapid and sustained improvements in disease activity and quality of life in Japanese patients with active RA in placebocontrolled, double-blind (DB), randomized studies, both in combination with MTX (J-RAPID; NCT00791999) and without MTX (HIKARI; NCT00791921) [1, 2] . Based on these and previous studies [3, 4] , including model-based simulations [5] , the recommended dose of CZP includes an initial subcutaneous loading dose (LD) of 400 mg at Weeks 0, 2, and 4, followed by a maintenance dose of 200 mg every 2 weeks (Q2W). Nevertheless, the benefit of using the LD versus No-LD has never been demonstrated in a clinical study.
The patients who enrolled in J-RAPID and HIKARI were eligible to subsequently enter the respective open-label extension (OLE) studies (J-RAPID OLE; NCT00851318 and HIKARI OLE; NCT00850343) [6, 7] either after completing 24 weeks of the DB trial, or at Week 16 if they were classified as non-responders. The OLE studies were not designed to include the LD, therefore patients who received placebo in the DB trials started CZP treatment without receiving the LD in the OLEs. We hereby report the efficacy and safety of CZP, with and without the initial LD, from two Japanese clinical trials and their respective OLE studies. In addition, pharmacokinetics (PK) data from these trials were analyzed to investigate the impact of the LD on anti-drug antibody (ADAb) formation.
Materials and methods

Study design
The study design and primary results of the placebo-controlled, randomized, DB J-RAPID (NCT00791999), and HIKARI (NCT00791921) trials have been reported previously [1, 2] . Briefly, patients in the J-RAPID and HIKARI trials had a diagnosis of adult-onset RA as defined by the ACR (1987) criteria [8] . In J-RAPID, patients had to have at least nine swollen and nine tender joints at baseline while receiving methotrexate (MTX) for at least 6 months. Patients recruited to HIKARI were unable to receive MTX due to prior adverse events and/or safety concerns, and had previously failed treatment with at least one disease-modifying anti-rheumatic drug (DMARD). Patients enrolled in HIKARI had at least six swollen and six tender joints at baseline. J-RAPID consisted of four groups: CZP 100, 200, or 400 mg plus MTX, or saline placebo plus MTX, Q2W. HIKARI consisted of two groups: CZP 200 mg or saline placebo, Q2W. In both trials, patients randomized to CZP (±MTX) groups received loading doses of 200 mg (100 mg group) or 400 mg (200 and 400 mg groups) at Week 0, 2, and 4. The trial period was 24 weeks.
The J-RAPID and HIKARI OLE studies [6, 7] were designed to re-group patients by efficacy during the DB trial period regardless of their initial assignment at DB randomization. Specifically, patients who did not achieve an ACR20 response at both Weeks 12 and 14 in the DB phase were withdrawn from the DB trial and were eligible to enter the respective OLE study at Week 16 (Group I; Figure 1 ). Patients who exhibited an ACR20 response at DB Week 12 and/or 14, but failed to achieve ACR20 at Week 24, were assigned to Group II in the OLE. Patients who had an ACR20 response at DB Weeks 12 and/or 14 and also at Week 24 were rerandomized to Groups III and IV in the OLE. Groups I, II, and III received CZP 200 mg Q2W, while Group IV received CZP 400 mg every 4 weeks (Figure 1 ).
Plasma concentrations of CZP and antibodies to CZP (CZPADAb) were measured using a standard UCB in-house enzymelinked immunosorbent assay (ELISA; Covance Immunochemistry Services). In the CZP-ADAb assay, the cut-off (42.4 U/mL) was defined by twice the level of mean baseline CZP-ADAb before starting CZP among all the patients who entered a phase II PK trial (CDP870-004).
This study was conducted in accordance with the ethical principles of the Declaration of Helsinki and with the Pharmaceutical Affairs Law Standards for the Conduct of Clinical Trials on Drugs (Ministry of Health, Labour and Welfare Ordinance no. 28, 27 March 1997) and related notifications. Institutional review board approval was obtained at all centers and written informed consent was provided by all patients.
Post-hoc analyses LD groups were defined as the DB CZP 200 mg groups in J-RAPID and HIKARI, in which patients received CZP 400 mg at Weeks 0, 2, and 4, and CZP 200 mg Q2W thereafter up to 24 weeks. For the patients who withdrew from the DB trial at Week 16 and entered OLE Group I (Figure 1) , the clinical data from the first 8 weeks of the OLE (corresponding to Weeks 16-24 of continuous treatment) were analyzed. Since PK data at OLE Week 8 were not collected, data at OLE Week 10 (which corresponded to Week 26 of continuous treatment) were used as Week 24 data for these patients. No-LD groups were defined as the patients who were assigned to the placebo groups of J-RAPID and HIKARI, and received CZP 200 mg Q2W for the first time without the LD in the two OLE studies (Groups I + II + III; Figure 1 ).
The baseline disease activity status was defined at the time when CZP treatment was first initiated; i.e. Week 0 of the DB trials was used for the LD groups, while Week 0 of the OLEs was used for the No-LD groups. ACR responses were assessed using non-responder imputation (NRI) and DAS28(ESR) using last observation carried forward (LOCF) for patients who withdrew for any reason. Patients in the No-LD group who had missing data or a zero score in ACR core set measures at OLE Week 0 were excluded from the analysis of ACR responses (four patients in J-RAPID and four in HIKARI). The safety population consisted of patients in LD and No-LD groups. Event rates (ERs) per 100 patient-years (PY) were calculated as the number of cases reported during 24 weeks after starting CZP treatment, including repeat occurrences of the same adverse event (AE) in individual patients, with the denominator being the total duration of exposure. The safety analysis presented here focuses on overall AEs, infections, and injection site reactions.
Results
Patient characteristics and disposition
The patient demographics at DB baseline, and disease activity status at DB baseline and CZP baseline (LD: DB baseline, No-LD: at OLE entry), are summarized in Tables 1 and 2 , respectively. The baseline DAS28(ESR) scores for the LD and the No-LD groups were 6.2 ± 0.8 and 5.9 ± 1.3 in J-RAPID, and 6.1 ± 0.9 and 6.2 ± 1.4 in HIKARI (mean ± SD), respectively. Several parameters showed small variations in the No-LD groups following exposure to placebo in the DB periods, but these baseline differences were considered acceptable within the current exploratory analysis.
A total of 82 (J-RAPID; Figure 
Delayed manifestation of response and sustained lower efficacy without LD
The No-LD groups showed a delay in the initial speed of ACR response, with ACR20 achieved by 57.1% and 49.5% in J-RAPID and HIKARI, respectively, at Week 4 compared to 62.2% and 67.2% in the LD groups (Figure 3a) . At Week 8, ACR20 responder rates for the LD and No-LD groups were 82.9% and 69.6% in J-RAPID, and 71.6% and 61.1% in HIKARI, respectively. Area under the curve (AUC) of ACR-N during the initial 8 weeks for the LD versus No-LD groups was 207.0 ± 143.9 versus 158.3 ± 196.2, and 185.0 ± 180.7 versus 107.3 ± 194.9 (mean ± SD) in J-RAPID and HIKARI, respectively. Although these differences in the early kinetics for the ACR20 response seem to converge with time, the No-LD groups showed sustained lower ACR50/70 responses until Week 24, compared with the LD groups, in both studies. The ACR50/70 response rates for the LD versus No-LD groups at Week 24 were 57.3%/30.5% versus 41.1%/19.6% in J-RAPID, and 52.6%/27.6% versus 35.8%/13.7% in HIKARI, respectively. AUC of ACR-N over 24 weeks for the LD versus No-LD groups was 928.9 ± 640.7 versus 744.8 ± 651.8, and 793.8 ± 763.1 versus 549.6 ± 652.3 (mean ± SD) in J-RAPID and HIKARI, respectively.
Similarly, the proportion of patients with DAS28(ESR) low disease activity (LDA) was higher in the LD groups, compared to the No-LD groups, at Week 12 (J-RAPID: 28.4% versus 21.3%; HIKARI: 24.1% versus 19.2%) and Week 24 (J-RAPID: 37.8% versus 31.1%; HIKARI 36.2% versus 23.2%; Figure 3b ). The AUC of change from baseline in DAS28(ESR) over 24 weeks for the LD versus No-LD groups was 48.0 ± 22.1 versus 40.9 ± 22.8, and 43.3 ± 22.1 versus 37.8 ± 24.0 (mean ± SD) in J-RAPID and HIKARI, respectively.
Immunogenicity, plasma CZP concentration and clinical efficacy
In the LD and the No-LD groups, the development of CZP-ADAb at any time during the first 24 weeks of CZP administration was observed in one (1.2%) and three (4.9%) patients in J-RAPID, and 20 (17.2%) and 27 (27.3%) patients in HIKARI, respectively (Table 3) .
In HIKARI and the HIKARI OLE, CZP-ADAb-positive patients, in both the LD and No-LD groups, were found to have a lower CZP plasma concentration at Week 24 (Figure 4a (Table 4) .
Similar adverse event profiles with or without LD
The rates of AEs were similar between the LD and the No-LD groups during the 24-week analysis period in both J-RAPID and HIKARI (Table 5 ). Infections and infestations was the most common AEs observed overall. There was a single death in the HIKARI LD (DB CZP 200 mg) group (ruptured aortic aneurysm in a female patient, aged 59 years) which was considered unlikely to have been related to study medication after the 24-week analysis period.
Discussion
The recommendation for treatment of RA with CZP includes an initial LD of 400 mg at Weeks 0, 2, and 4, followed by a maintenance dose of CZP 200 mg Q2W [9] . However, a comparison of CZP efficacy and safety with and without the LD has not previously been conducted in clinical studies. Therefore, post-hoc analyses to address these comparisons were undertaken, using data from the HIKARI and J-RAPID DB and OLE clinical trials, and are presented in this article.
Comparison of clinical response demonstrated that patients who received the LD (LD group) showed better initial kinetics for ACR response, followed by sustained ACR response and lower DAS28(ESR) disease activity up to 24 weeks, compared to patients who did not receive the LD (No-LD groups; Figure 3) . These results support a previous report of a Markov mixed-effects model simulation, which suggested the use of the LD accelerates response to CZP [5] . Together, these results demonstrate the The immunogenicity of CZP was also compared between patients who received the LD and those who did not. Development of CZP-ADAb was slightly more frequently observed in the No-LD groups compared with the LD groups. Several reports have suggested that ADAb development is less common in patients who receive higher drug doses. In J-RAPID, development of CZPADAb over 24 weeks was more frequently observed in patients receiving CZP 100 mg plus MTX (9 CZP-ADAb-positive patients out of 72 patients [12 [2] . A similar observation was reported in a study of adalimumab, a human anti-TNF monoclonal antibody, where ADAb development was less common in the highest dosing group compared to the lower dosing group [10] . Furthermore, Ducourau et al. reported a correlation between the formation of ADAbs (due to low initial drug concentration) and poor long-term clinical outcomes with infliximab, a chimeric human-mouse anti-TNF monoclonal antibody [11] . This is in agreement with our observation that CZP-ADAb-positive patients in the HIKARI and J-RAPID studies had lower plasma CZP concentrations and higher disease activity at Week 24 compared to the CZP-ADAbnegative patients. Taken together, these results suggest that the higher rate of low plasma CZP concentration in CZP-ADAbpositive patients may be associated with low efficacy, which could, at least partially, explain the complexities experienced in controlling disease activity in patients who do not receive the CZP LD as per prescribing information.
However, considering that the number of CZP-ADAb positive patients is low in J-RAPID, the development of CZP-ADAb may not be the sole factor influencing differences in CZP efficacy between the LD and No-LD groups. Several other anti-TNFs also employ a boosted dosing regimen during the initial phase of treatment. For example, the infliximab dosing schedule for RA treatment specifies short intervals between the first three infusions (3 mg/kg at 0, 2, and 6 weeks), followed by a dosing interval of every 8 weeks during maintenance phase [12] . In addition, adalimumab requires an initial loading dose in several diseases including Crohn's disease, ulcerative colitis, and plaque psoriasis [13] . Although direct comparisons of these treatments with and without the initial boosted dosing regimen are not available, prescribed use of such dosing regimens suggests that sufficient inhibition of TNF signaling during initial therapy may affect longterm clinical outcomes. Previous reports have also suggested that early response predicts better long-term outcomes [14] . Achieving rapid response is not only important for patient satisfaction, but also perhaps for maintaining long-term efficacy and the prevention of secondary non-response.
Comparison of AE rates between patients who did and did not receive the LD demonstrated similar safety outcomes between the two groups (Table 5 ). This supports the original J-RAPID trial results, which demonstrated a similar safety profile between patients receiving different doses of CZP (CZP: 100, 200, and 400 mg, plus MTX) [2] . Repeated inquiries into this issue have continued to provide evidence that, as a class, the anti-TNFs have a large therapeutic window.
There were limitations to this study, including the exploratory nature of the post-hoc analysis and comparison of the data from the DB and OLE phases of the J-RAPID and HIKARI studies. In order to report clinical outcomes at Week 24 in the LD groups, OLE data up to 8 weeks (disease activity) or 10 weeks (PK) were used for patients who entered OLE at Week 16 due to lack of efficacy. Knowledge of the treatment assignment among those patients after entering OLE, in addition to the patients in the No-LD groups who started CZP in OLE, could have biased the results as patients from group III were in response when they started CZP (10 in J-RAPID and 8 in HIKARI). In addition, there was a delay in initiating CZP treatment in the No-LD group due to the DB placebo exposure period (16 weeks [OLE Group 1] or 24 weeks [OLE Group 2 and 3]). Furthermore, MTX was continued in the J-RAPID placebo group, and this could have been responsible for the slight improvement in disease activity in the No-LD group from DB baseline. In contrast, although 56% of patients used DMARDs other than MTX in HIKARI, a slight deterioration in disease activity was seen in the No-LD group. These minor variations in baseline parameters as well were presumed to be acceptable for performing this exploratory analysis.
Overall, while this analysis does have limitations, the results suggest that the use of the CZP LD improves clinical response and reduces development of CZP-ADAb in patients with active RA, without affecting the safety profile of the drug. 
